The stream function-vorticity formulation of the Navier-Stokes equations is solved numerically for a buoyancy-driven cavity. The method used consists of finite difference approximations of the vorticity transport equation which has been modified to accommodate viscosity gradients in the vorticity dissipation term. Three cases are investigated and each subjected to three levels of grid refinement. 
INTRODUCTION
The stream function-vorticity method has been used to solve various incompressible flow problems. The simple finite difference solution of an isothermal, uniform viscosity vorticity transport equation was improved by the use of Taylor series expansions (see Dennis and Hudson, 1978) .
Buoyancy effects were incorporated into this model for evaluating the flow over a backward facing step with heated surfaces (Cochran et al., 1993) . The viscosity was also assumed constant for this study which provided accurate predictions of flow reattachment and velocity distribution.
The stream function-vorticity method with Taylor series expansions was used with upwind differencing and eddy diffusion to model the ventilation airflow in an aircraft passenger cabin (Horstman, 1988 ).
A turbulence model was incorporated by Elkaim in 1991 into a stream function-vorticity formulation by using a fictitious slip velocity at the wall. The slip velocity was derived from the first derivative of the wall function at the near wall node. The reattachment lengths seemed to be underpredicted when separated flows were encountered.
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PROBLEM DESCRIPTION
The mathematical model for two-dimensional, steady, incompressible flow assumes the continuity equation:
The vorticity transport equation for constant viscosity is:
The vorticity transport equation must then be modified to account for the buoyancy effects:
IRaJ 8ω
And finally a term is added for variable viscosity:
Pr.dx
This corresponds to the non-dimensionalized form of the momentum equations of Chu and Hickox (1990) as they are presented prior to the cross-differentiation and combination to obtain the vorticity transport equation:
The stream function is related to the vorticity as follows:
The energy equation is expressed in the following form: (10)
The wall thermal boundary conditions are set two ways: first, if the wall is considered insulated, the temperature is equal to that of the fluid at the adjacent node, otherwise the wall is set at a constant temperature.
The geometry and applied boundary conditions for the flow studied here are shown in Figure 1 .
The buoyancy driven cavity is square. Within the cavity is contained an incompressible fluid with a temperature dependent viscosity. The viscosity dependence on temperature is entirely hypothetical.
There is a linear variation in three segments as described in Table 1 Table 1 Fluid viscosity as a linear function of temperature 
It should be noted here that the normalized pressure variable is not present. This is a natural consequence of the stream function-vorticity formulation. As the momentum equations are cross- A total of three cases were solved (Case A Ra = le04, Case Β Ra = le05 and Case C Ra = le06).
And, for each of the three cases, a three level grid refinement was done. The three levels of grid refinement were as follows: Coarse 20 χ 20, Medium 40 χ 40, Fine 80 χ 80.
RESULTS
The results for each case show the same general trends around the perimeter of the cavity. The flow remains completely attached to the heated wall on the left side. In Figure 2 Table 2  Table 6 Computer resources for SGI 4D/380 Minimum vertical wall shear stress along χ = 1 Table 3 Maximum u velocity along χ = 0. Table 7 Maximum vertical wall shear stress along χ = 1 Table 4 Minimum vertical wall shear stress along χ = 0 Table 9 Maximum Nusselt number along χ = 0 
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